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SENSITIVITY OF SHALLOW WATER TRANSMISSION LOSS TO SOURCE AND
One of the present Navy standard shallow water propagation prediction models gives results that are independent of source/receiver depth (Reference 1). We would like to improve on this assumption with the goal of minimizing propagation loss in shallow water by optimum source/receiver placement, especially under strongly downward refracting (summer) conditions. We present in this paper our first results on the sensitivity of source/receiver placement over a hard (Biot type) bottom in shallow water under downward refacting conditions. 
PREVIOUS RESULTS
This work is a follow-on to two previous studies. The first was a recent general study of year-round sound propagation conditions (500 -5000 Hz) at 10 locations throughout the world. which we reported at a previous meeting of the Acoustical Society (Reference 2). Of the 10 sites studied, seven were found to have a "hard," or low-loss bottom. The cumulative percent occunence for a given two-way transmission loss for 80 different scenarios (10 locations, 4 seasons for each) shows that, for most situations, there is significantly less loss for a "deep" source and receiver configuration. "Deep" is taken generically to mean off the bottom but below the base of the thermocline. This was found to be especially true under strongly downward refracting conditions. This result led us back to the historical studies of Cole and Podeszwa (Reference 3)...'-*fl.9. 
Viewgraph 4. Propagation Loss from Cole and Podeszwa
Cole and Podeszwa showed that, for a shallow water region with a "hard" bottom, propagation loss was not independent of source and receiver depth and that, for a shallow source under downward refracting conditions, there would be an optimum receiver depth. We chose to study the sensitivity of transmission loss to source and receiver depth at the same area Foxtrot -a shallow water region on the New England shelf south of Long Island --under downward refracting (summer) conditions. The sound speed profile showed a weak shallow surface duct followed by a sumng negative gradient. The water depth was approximately 57 meters. The minimum grazing angle can be expressed simply as the inverse cosine of c(source)/c(boundary). With a downward refracting sound speed profile, generally the shallower the source, the greater the ratio of c(source)/c(boundary) and, hence, the greater the minimum grazing angle. Typically, for a near surface (10 meters) source/receiver, the minimum grazing angle was 15 degrees; for a source/receiver "deep" (50 meters), it was 5 degrees. These results show the strong grazing angle dependence of bottom loss and suggest that, since bottom loss is the dominant factor in low frequency propagation loss under downward refracting conditions, considerable improvement could be obtained if the grazing angle was reduced. This could be done, for example, by shifting a near surface (10 meter depth) source/receiver down to a "deep" depth (for Foxtrot, this would be 50 meters). 
DEPTH DEPENDENCE OF TRANSMISSION LOSS
To verify this assumption of reducing transmission loss by shifting source/receiver depth, propagation loss was computed using the Kanabis normal mode model (References 5, 6) at a frequency of 800 Hz, the sound speed profile shown in figure 4 , and a flat bottom depth of 57 meters. We chose to compare a source/receiver depth of 10 meters with a source/receiver depth of 50 meters. Our first result was a "calibration" --by assuming no bottom loss, we should get the obvious answer that both depth configurations would have the same propagation loss. This is, indeed, the modeling result we got. We now repeat the transmission loss computations with the grazng angle dependent Biot bottom loss. The results show a significant depth dependence. The lower grazing angle associated with the 50 meter sourfeceiver results in a lower bottom loss and, corrspondingly, a lower transmission loss than the 10 meter source /receiver and its 15 degree grazing angle. 
PHENOMENOLOGICAL EXPLANATION OF DEPTH
EXPLANATION OF RESULTS
The source/receiver depth dependency of transmission loss can be phenomenologically explained by these diagrams. For a shallow water, downward refracting (negative gradient), sound speed profile, the grazing angle vs depth dependency is shown by the diagram on the left.
For a bottom with a grazing angle dependent bottom loss, this can be simply translated into a loss vs source/receiver depth diagram, as on the right.
The plots shown are for the specific case of a summer downward refracting profile at site Foxtrot and a Biot bottom loss model assuming sandy sediment.
They show that, for this case, the bottom loss per bounce for a receiver/source at 10 meters depth will be significantly greater than for a source/receiver at a 50 meter depth and, hence, will result in a greater transmission loss.
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